Study design
Each subject came to the laboratory for three days with a gap of at least 7 days in between two consecutive days of visit. They reported in the laboratory at 9 am in all the occasions. Familiarisation trial was conducted on the first visit when they were explained and demonstrated all the experiments to allay apprehension and familiarised with the entire experimental protocol. Pre-exercise heart rate, blood pressure, skinfolds and VO2max were measured in the second visit while flexibility, agility and HIE were measured during the third visit. Pre-exercise heart rate and blood pressure were measured after a rest for half an hour. Body height and body mass were measured to an accuracy of ±0.50 cm and ±0.1 kg, respectively, by using a weight measuring instrument fitted with height measuring rod (Avery India Ltd., India) with the subject standing barefoot and wearing minimum clothing. The body surface area (BSA) and body mass index (BMI) were computed from standard equations [8, 9] . Subjects refrained from any energetic activity on the days of evaluation and took light breakfast 2 to 3 hrs before the test. [10] Body composition was determined by skinfold measurement with the help of a skinfold calliper with constant tension (Holtain Ltd., UK) by using the following formulae:
Determination of Body Composition
Body density (BD; gm.cc -1 ) was determined from the following equations: BD=1.10938-0.0008267X1+0.0000016X1 2 -0.0002574X2 (X1=sum of chest, abdominal and mid-thigh skinfolds, X2= Age in nearest yrs), Percentage of body fat was measured by Siri in 1961 equation [11] , i.e., %Fat = 495/BD -450, Total Fat or TF (kg) = %Fat/100 × Body Mass (kg), % Lean Body Mass (%LBM) = 100 − %Fat, LBM (kg) = Body Mass (kg) − Total Fat (kg).
Measurement VO2max, motor fitness and HIE
Motor fitness parameters (e.g., Agility and flexibility), HIE and direct estimation of VO2max were performed by using the standard procedures [12] .
Statistical analyses
Data have been presented as mean±SD. Two-tail student's t-test was performed to test the significance of difference between means values recorded in Karate group and sedentary control group.
Results
Values of age, body height, body weight, BMI, BSA, preexercise heart rate, systolic and diastolic blood pressure were presented in Table 1 . Age and blood pressure did not show any significant difference between the groups. Body height depicted significantly (p<0.05) higher value in the Karate players while other parameters were significantly lower in the Karate group than the sedentary group ( Table 1) . BMI of the both groups were in the normal range. The value of chest, abdominal and mid-thigh skinfolds was significantly (p<0.001) lower in Karate players than the sedentary group (Table 1) .
Body compositions, agility, flexibility, HIE and VO2max were tabulated in Table 2 . BD, %LBM, flexibility, VO2max and LBM depicted significantly (p<0.001 and p<0.05) higher values in Karate group, but %fat, TF, HIE and agility exhibited significantly (p< 0.001) higher values in Karate players than the se dentary group.
Discussion
Agility, force, speed and strength are the major components of motor fitness that is a key determinant of performance in Table 1 . Physical parameters, BMI, BSA, blood pressure and pre-exercise heart rate of the subjects Table 2 . Values of body composition, Agility, flexibility and HIE and VO2max
T h i s c o p y i s f o r p e r s o n a l u s e o n l y -d i s t r i b u t i o n p r o h i b i t e d .
Karate. The pragmatic objective of the current study was to evaluate the fitness profile of male Karate players of Kolkata, India and to compare the data with the sedentary control group and their overseas counterparts. Fitness profile parameters were significantly better among Karate players than the control group due to their involvement in the regular training as also reflected in earlier studies in Karate players of America and Canada [1] .
Body Composition
Fat and fat-free tissues are the main components of body composition which is improved following Karate training [1] although insignificant difference in %fat was also reported in highly competitive and novice Japanese Karate athletes [6] . Present study depicted significantly (p<0.001) higher value of body density in Karate players than the sedentary group. This finding corroborated with the finding in national Polish Karate players [13] . Percentage of body fat was significantly (p<0.001) lower in Karate players than the sedentary control group as also reported in American Karate players [1] . Present Karate players had lower %fat (5.01%) than their American (18.9%), French (13.7%), Polish (16.8%) and Japanese (7.5%) counterparts [1, [13] [14] [15] . Significant alteration in %fat following three years' rigorous training helped the Italian and European Ka rate players to excel an outstanding performance [16, 17] . Lower %fat helped Japanese Karate athletes to exert wonderful performance [13] .
Existence of significantly (P<0.05) higher LBM in Karate group than the sedentary control group corroborated with the earlier studies in Japanese, Italian and Polish Karate players [6, 13] . However, the LBM (53.28±4.91 kg) of presently studied Indian Karate players was lower than their Japanese (59.1± 6.1 kg) and Polish (69.9±8.20 kg) counterparts [6, 13] . A strong association between LBM and performance in Karate was ported and it has been postulated that LBM played an advantageous role in Karate performers although a significant difference persists in LBM between top level and novice Karate athletes [6] .
VO2max
Existence of significantly (P<0.001) higher VO2max in Karate players than the sedentary group (Table 2) corroborated with the earlier report in American and Japanese Karate players [1, 6] . The VO2max of the presently studied Karate players was higher than the Jordanian and Italian male martial art athletes but lower than their French and Swedish counterparts and Swedish mixed martial art (MMA) players [18, 19, 20] . VO2max of Iranian male martial art athletes was lower than the Canadian martial art athletes [22] . It has been reported in Egyptian martial art players that regular use of martial art exercises raise the functional status of the respiratory system and thus increase the aerobic capacity which is required to avoid fatigue during training and to facilitate the recovery process between consecutive competitions [6, 21] . VO2max is independent of the level of Karate practitioners [6, 14] . Long term training leads to an increase in VO2max due to substantial in crease in muscle mass and greater involvement of aerobic meta bolism. The existence of significantly higher value of VO2max among Karate players in the present investigation might be attributed to their significantly higher value of muscle mass than their sedentary counterparts [1, 23] . It has been reported that male Brazilian Karate players had much higher percentage of aerobic metabolism when judged against their taekwondo counterparts [24] . This might be attributed to the difference in kumite duration or involvement of different types of limb movements, especially the involvement of more upper limb movements in Karate training than the Taekwondo [24] . However, a different finding with insignificant difference in VO2max between Karate and Taekwondo players was also reported in American population [25] .
Flexibility
Data of flexibility is scanty in Karate players. Present study depicted that Karate training improved the flexibility in young Indian male Karate players. Conflicting result was reported in male Filipino martial art athletes who had no significant difference in flexibility than their sedentary counterparts. The flexibility score of the present studied Karate players (44.25±4.04 cm) was higher than the Filipino male martial art players (38.6±6.6 cm) but lower than the Croatian female martial art players (55.8±4.8 cm) [26] . Present and previous findings indicated that Karate training helped to achieve better flexibility that is essential for this sport because flexibility allows larger range of movement which helps in better kicking and also reduces the incidence of injuries [4, 27] . Greater flexibility was observed in the right and left hip flexion of Karate players compared to the control group and it might be attributed to the training effect that stimulates repetitive flexion of the hip muscles for the duration of the early phase of kicking [28] . Success score of flexibility might also be due to both the attacking and defensive kumite techniques which largely depend on the ability to rapidly initiate the change of body position in horizon tal direction [29] . The repetitive use of techniques involving the limb movements might also explain this finding [29] .
Agility
Training of Karate had significant impact on agility, coordination and core-strength which are major determinants of fighting efficiency in Karate [30] . Existence of significantly (p<0.001) higher agility score in Karate players than sedentary control group (Table 2 ) corroborated with the study in Croatian male and female Karate players of 18-29 years of age [31] . Higher agility score in Karate players might be attribu ted to the practice of frequent kicking during the event escort by controller of muscle tone that is the primary energy component in technique performance [30] . Karate players also undergo plyometric training that might have also had positive impact on agility score since it improves the efficiency of leg muscles by generating ground output power [32] . Contra dictory finding is unavailable in this regard.
HIE
Speed and force were significantly increased following Karate training to improve the fighting efficiency [30] . The Indian young male Karate players of the present study had significantly (p<0.001) higher value of HIE than their sedentary counterparts. Similar finding was reported in Croatian adolescent Karate players of 11-12 yrs of age [33] . Karate training consists of very short periods of high-intensity intermittent mo vements that are interspersed with recovery periods [33] . Earlier result demonstrated that anaerobic power or HIE is the key determinant of maximal power output that distinguishes Karate athletes at different competitive levels since such high force intermittent actions rely mostly on anaerobic energy sources which in turn act as a major determinant factor to achieve success [18] . Such frequent decisive actions like "kick and punch" as well as repeated forceful movements of the upper and lower limbs to generate explosive power were probably the attributing factors for having significantly higher HIE score in Karate players [6, 18] . These movements of the limbs and other body parts helped them not only to develop and sustain their muscular strength and endurance but also to promote their speed and acceleration that influence the fast execution of skill and techniques involving swift movement of the body in a short span of space [6, 18] .
Conclusion
This is the first report of fitness profile parameters in Indian male Karate players and therefore the data reported in this study may be treated as a National standard of the fitness profile data of Indian male Karate players. The Karate practitioners had significantly higher aerobic capacity, HIE, flexibility, agility, LBM and less body fat content than the sedentary control group probably due to their regular participation in Kara te training. Therefore, health professionals may promote and recommend the regular practice of Karate as an as an alternative of other forms of exercises for health and fitness promotion among common people. Further studies may be conducted to explore the short term effects of Karate practicing on fitness profile parameters.
